
PURPOSE: The epidermal growth factor receptor (EGFR) is highly expressed in many human soft tissue sarcomas (STS).  However, 
EGFR blockade has not apparently been used for human STS therapy; therefore, we examd. the in vitro and in vivo effects and the 
underlying mechanisms before considering EGFR blockade as a therapy for STS patients.  Exptl. Design: Human STS tissues and cell 
lines were used to study EGFR expression and activation.  Western blot anal. was used to evaluate effects of EGFR activation on 
downstream signaling.  Cell culture assays were used to assess the effect of EGF stimulation as well as EGFR blockade (using an 
EGFR tyrosine kinase inhibitor, Iressa; AstraZeneca) on STS cell growth, apoptosis, and chemosensitivity.  An in vivo study (HT1080 
human fibrosarcoma cell line in nude/nude mice: Iressa, doxorubicin, Iressa + doxorubicin, vehicle) was used to examine tumor growth; 
pEGFR, proliferating cell nuclear antigen, and terminal deoxyribonucleotide transferase-mediated nick-end labeling staining helped 
assess the effect of therapy in vivo on STS EGFR activation, proliferation, and apoptosis.  RESULTS: EGFR was expressed and 
activated in STS cell lines and tumors, probably due to ligand binding rather than EGFR mutation.  Stimulation caused activation of 
AKT and mitogen-activated protein kinase pathways.  EGFR blockade inhibited these effects and also caused increased apoptosis, a 
p53-independent G0-G1 cell cycle arrest, and decreased cyclin D1 expression.  In vivo, Iressa + doxorubicin had markedly synergistic 
anti-STS effects.  CONCLUSION: EGFR blockade combined with conventional chemotherapy results in anti-human STS activity in 
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Although some cancers are initially sensitive to EGFR tyrosine kinase inhibitors (TKIs), resistance invariably develops.  We 
investigated mechanisms of acquired resistance to the EGFR TKI gefitinib by generating gefitinib-resistant (GR) A431 squamous 
cancer cells.  In GR cells, gefitinib reduced phosphorylation of EGFR, ErbB-3, and Erk but not Akt.  These cells also showed 
hyperphosphorylation of the IGFI receptor (IGFIR) and constitutive assocn. of IRS-1 with PI3K.  Inhibition of IGFIR signaling disrupted 
the assocn. of IRS-1 with PI3K and restored the ability of gefitinib to downregulate PI3K/Akt signaling and to inhibit GR cell growth.  
Gene expression analyses revealed that GR cells exhibited markedly reduced IGF-binding protein 3 (IGFBP-3) and IGFBP-4 RNA.  
Addn. of recombinant IGFBP-3 restored the ability of gefitinib to downregulate PI3K/Akt signaling and to inhibit cell growth.  Finally, 
gefitinib treatment of mice with A431 xenografts in combination with an IGFIR-specific monoclonal antibody prevented tumor 
recurrence, whereas each drug given alone was unable to do so.  These data suggest that loss of expression of IGFBPs in tumor cells 
treated with EGFR TKIs derepresses IGFIR signaling, which in turn mediates resistance to EGFR antagonists.  Moreover, combined 
therapeutic inhibition of EGFR and IGFIR may abrogate this acquired mechanism of drug resistance and is thus worthy of prospective 
clin. investigation.
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The purpose of this study was to evaluate the role of the epidermal growth factor receptor (EGFR) in parathyroid hormone-related 
protein (PTHrP) expression and humoral hypercalcemia of malignancy (HHM), using two different human squamous-cell carcinoma 
(SCC) xenograft models.  A randomized controlled study in which nude mice with RWGT2 and HARA xenografts received either 
placebo or gefitinib 200 mg kg-1 for 3 days after developing HHM.  Effectiveness of therapy was evaluated by measuring plasma 
calcium and PTHrP, urine cAMP/creatinine ratios, and tumor vols.  The study end point was at 78 h.  The lung SCC lines, RWGT2 and 
HARA, expressed high levels of PTHrP mRNA as well as abundant EGFR protein, but very little erbB2 or erbB3.  Both lines expressed 
high transcript levels for the EGFR ligand, amphiregulin (AREG), as well as, substantially lower levels of transforming growth factor-α 
(TGF-α), and heparin binding-epidermal growth factor (HB-EGF) mRNA.  Parathyroid hormone-related protein gene expression in both 
lines was reduced 40-80% after treatment with 1 μM of EGFR tyrosine kinase inhibitor PD153035 and pptg. antibodies to AREG.  
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Epidermal growth factor receptor (EGFR) is a transmembrane receptor tyrosine kinase overexpressed in non-small cell lung cancer 
(NSCLC) and many other solid tumors.  EGFR is activated by specific ligands and various cell stresses, such as oxidative stress and 
UV irradn.  The present study investigates the effect of ligand-independent EGFR activation on gefitinib mediated cytotoxicity using 
the NSCLC cell line, PC-9.  The induction of EGFR autophosphorylation by non-cytotoxic levels of hydrogen peroxide (H2O2) and 
cisplatin (CDDP) is completely inhibited by 100 nM gefitinib.  Pretreatment of cells with both H2O2 and CDDP enhances gefitinib 
cytotoxicity in vitro.  The growth inhibitory effect of gefitinib was examd. in vivo using the xenografted severe combined 
immunodeficiency (SCID) mouse model.  PC-9 cells were pretreated with/without a low dose of CDDP (1 μM) for 1h and injected s.c. 
into the right flank of SCID mice.  Following the appearance of measurable tumors mice were treated by s.c. injection into the left 
flank with / without 10 mg / kg gefitinib for 4 days.  Pretreatment with CDDP enhanced tumor growth by 20-30% compared to the 
control.  Subsequent treatment with gefitinib resulted in disappearance of the tumor mass by day 10 in the CDDP-pretreated group and 
by day 16 in the control group.  There was no reappearance of tumors in the CDDP-pretreated group.  By comparison, tumors 
reappeared in the non-pretreated group by day 20 in 4/5 animals.  These results suggest that chemotherapy may enhance tumor 
growth due to ligand-independent EGFR activation and that combination chemotherapy may result in enhanced sensitivity of tumors to 
the sequential administration of gefitinib.
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vitro and in vivo, suggesting the possibility that combining these synergistic treatments will improve anti-STS therapy.
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PURPOSE: Agents inhibiting the epidermal growth factor receptor (EGFR) have shown clin. benefit in a subset of non-small cell lung 
cancer patients expressing amplified or mutationally activated EGFR.  However, responsive patients can relapse as a result of 
selection for EGFR gene mutations that confer resistance to ATP competitive EGFR inhibitors, such as erlotinib and gefitinib.  We 
describe here the activity of EXEL-7647 (XL647), a novel spectrum-selective kinase inhibitor with potent activity against the EGF and 
vascular endothelial growth factor receptor tyrosine kinase families, against both wild-type (WT) and mutant EGFR in vitro and in vivo.  
Exptl. DESIGN: The activity of EGFR inhibitors against WT and mutant EGFRs and their effect on downstream signal transduction 
was examd. in cellular assays and in vivo using A431 and MDA-MB-231 (WT EGFR) and H1975 (L858R and T790M mutant EGFR) 
xenograft tumors.  RESULTS: EXEL-7647 shows potent and long-lived inhibition of the WT EGFR in vivo.  In addn., EXEL-7647 inhibits 
cellular proliferation and EGFR pathway activation in the erlotinib-resistant H1975 cell line that harbors a double mutation (L858R and 
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The aim of this study was to investigate the effects of combining antiangiogenic treatment, epidermal growth factor receptor (EGFR) 
targeting and irradn. (RT).  We evaluated AZD2171, a highly potent, orally active, vascular endothelial growth factor (VEGF) signaling 
inhibitor, gefitinib, an EGFR tyrosine kinase inhibitor and RT.  The antitumor efficacy of these treatments, administered alone and in 
combination for 2 wk, was assessed in a VEGF-secreting human head and neck tumor cell line, CAL33 that highly expresses EGFR, 
established as xenografts (250 mm3) in nude mice.  The median time to reach a tumor vol. of 1000 mm3 was significantly increased 
for AZD2171 or gefitinib alone compared with the control.  Greater inhibition of tumor growth was seen with the combination of 
AZD2171 + gefitinib compared with either drug alone, and the triple combination compared with either AZD2171 + gefitinib or RT alone.  
The intensity of endothelial cell staining was slightly reduced by each agent given alone, and markedly diminished by the double or 
triple combination.  The triple combination almost completely abolished cell proliferation.  The marked RT-induced enhancement in the 
DNA-repair enzyme ERCC1 expression was totally abolished by the triple combination.  This observation could help to explain the 
supra-additive antitumor effect produced by this combination and could provide a basis for future innovative clin. trials.
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Gefitinib treatment of hypercalcemia mice with RWGT2 and HARA xenografts resulted in a significant redn. of plasma total calcium 
concns. by 78 h.  Autocrine AREG stimulated the EGFR and increased PTHrP gene expression in the RWGT2 and HARA lung SCC 
lines.  Inhibition of the EGFR pathway in two human SCC models of HHM by an anilinoquinazoline demonstrated that the EGFR 
tyrosine kinase is a potential target for antihypercalcemic therapy.
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 Combined treatment with gefitinib, trastuzumab, and pertuzumab to block signals from all HER homo- and heterodimers 
inhibited growth of HER2-overexpressing xenografts statistically significantly better than single agents and dual 
combinations.

Human epidermal growth factor receptor 2 (HER2) is a member of the HER signaling pathway.  HER inhibitors partially block HER 
signaling and tumor growth in preclin. breast cancer models.  We investigated whether blockade of all HER homo- and heterodimer 
pairs by combined treatment with several inhibitors could more effectively inhibit tumor growth in such models.  Mice carrying 
xenograft tumors of HER2-overexpressing MCF7/HER2-18 (HER2-transfected) or BT474 (HER2-amplified) cells were treated with 
estrogen supplementation or estrogen withdrawal, alone or combined with tamoxifen.  One to three HER inhibitors (pertuzumab, 
trastuzumab, or gefitinib) could also be added (n ≥ 8 mice per group).  Tumor vols., HER signaling, and tumor cell proliferation and 
apoptosis were assessed.  Results were analyzed with the t test or Wilcoxon rank sum test and survival anal. methods.  All statistical 
tests were two-sided.  Median time to tumor progression was 21 days for mice receiving estrogen and 28 days for mice receiving 
estrogen and pertuzumab (difference = 7 days; P = .001; hazard ratio [HR] of progression in mice receiving estrogen and pertuzumab 
vs. mice receiving estrogen = 0.27, 95% confidence interval [CI] = 0.09 to 0.77).  Addn. of gefitinib and trastuzumab to estrogen and 
pertuzumab increased this time to 49 days (difference = 21 days; P = .004; HR of progression = 0.28, 95% CI = 0.10 to 0.76).  
MCF7/HER2-18 tumors disappeared completely and did not progress (for ≥189 days) after combination treatment with pertuzumab, 
trastuzumab, and gefitinib plus tamoxifen (19 of 20 mice) or plus estrogen withdrawal (14 of 15 mice).  Both combination treatments 
induced apoptosis and blocked HER signaling and proliferation in tumor cells better than any single agent or dual combination.  All 
BT474 tumors treated with pertuzumab, trastuzumab, and gefitinib disappeared rapidly, regardless of endocrine therapy, and no tumor 
progression was obsd. for 232 days.
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T790M) in the EGFR gene.  In vivo efficacy studies show that EXEL-7647 substantially inhibited the growth of H1975 xenograft tumors 
and reduced both tumor EGFR signaling and tumor vessel d.  Addnl., EXEL-7647, in contrast to erlotinib, substantially inhibited the 
growth and vascularization of MDA-MB-231 xenografts, a model which is more reliant on signaling through vascular endothelial growth 
factor receptors.  CONCLUSIONS: These studies provide a preclin. basis for clin. trials of XL647 in solid tumors and in patients 
bearing tumors that are resistant to existing EGFR-targeted therapies.
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Purpose: Based on our mouse xenograft model demonstrating that intermittent high-dose gefitinib sensitizes tumors to subsequent 
treatment with taxanes, we initiated this phase I trial to explore docetaxel in combination with escalating doses of intermittent gefitinib 
(Iressa) given prior to docetaxel.  Methods: This was a phase I study where patients with advanced cancer were treated with escalating 
doses of gefitinib (1,000, 1,500, 2,250, 3,000 mg) on days 1 and 2 followed by docetaxel (75 mg/m2) on day 3 of a 21 day cycle.  
Gefitinib pharmacokinetic data were obtained on days 1, 2, and 3 of cycles 1 and 2 at each dose level.  Results: 18 patients were 
enrolled in this study with the most frequent tumor types being non-small cell lung cancer and head and neck squamous cell cancer.  
The dose-limiting toxicity was neutropenia (n = 1 at dose level 2, n = 2 at dose level 4).  Rash, diarrhea, and fatigue were the most 
common grade 1-2 toxicities.  Pharmacokinetic data indicated no accumulation of gefitinib between cycles 1 and 2 and no clear 
correlation between gefitinib plasma levels and toxicity.  Partial responses were obsd. in one patient with head and neck squamous cell 
carcinoma and one patient with anaplastic thyroid cancer.  Conclusion: The recommended dose for phase II studies is gefitinib 2,250 
mg on days 1 and 2, followed by docetaxel 75 mg/m2 on day 3.
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Purpose: To optimally integrate epidermal growth factor receptor (EGFR) inhibitors into the clin. treatment of head and neck cancer, two 
important questions must be answered: (a) does EGFR inhibition add to the effects of radiochemotherapy, and (b) if so, which method 
of inhibiting EGFR is superior (an EGFR antibody vs. a small mol. tyrosine kinase inhibitor) We designed an in vivo study to address 
these questions.  Exptl. Design: Nude mice with UMSCC-1 head and neck cancer xenografts received either single, double, or triple 
agent therapy with an EGFR inhibitor (either cetuximab or gefitinib), gemcitabine, and/or radiation for 3 wk.  Tumor vols. and animal 
wts. were measured for up to 15 wk.  Immunoblotting and immunofluorescent staining were done on tumors treated with either 
cetuximab or gefitinib alone.  Results: The addn. of an EGFR inhibitor significantly delayed the tumor vol. doubling time, from a 
median of 40 days with radiochemotherapy (gemcitabine and radiation) alone, to 106 days with cetuximab and 66 days with gefitinib 
(both P < 0.005).  Cetuximab resulted in significantly less wt. loss than gefitinib.  Immunoblot anal. and immunofluorescent staining of 
tumors show that although levels of phosphorylated AKT and extracellular signal-regulated kinase were decreased similarly in response 
to cetuximab or gefitinib, cetuximab caused prolonged suppression of pEGFR, pSTAT3, and BclXL compared with gefitinib.  
Conclusions: EGFR inhibition, particularly with cetuximab, improves the effectiveness of radiochemotherapy in this model of head and 
neck cancer.  The correlation of response with prolonged suppression of EGFR, STAT3, and BclXL offers the possibility that these may 
be candidate biomarkers for response.
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Gastric cancer metastasised to the liver was found to overexpress HER2 at a significantly higher incidence than primary gastric 
cancers.  The purpose of the present study was to investigate the possibility of mol. therapy targeting HER2 overexpression in gastric 
cancer liver metastasis.  We developed three new HER2-overexpressing gastric cancer cell lines (GLM-1, GLM-2, GLM-4) without 
epidermal growth factor receptor (EGFR) mutations derived from such liver metastasis, two of which had HER2 gene amplifications.  
All these GLM series of cell lines were highly sensitive to gefitinib in vitro, a specific inhibitor of EGFR tyrosine kinase (Iressa) rather 
than anti-HER2 antibody trastuzumab (Herceptin), whereas most of the HER2 low-expressing counterparts were not.  In these 
HER2-overexpressing GLM series, protein kinase B (Akt), but not extracellular signal-regulated kinase 1/2 (ERK1/2), was constitutively 
phosphorylated, and gefitinib efficiently inhibited this Akt phosphorylation, induced strong apoptosis in vitro and exhibited antitumor 
activity in tumor xenografts in nude mice.  This gefitinib-mediated antitumor effect in xenograft was significantly potentiated by 
trastuzumab treatment.  On the other hand, gefitinib-resistant cells (GLM-1R) exhibited increased EGFR expression, followed by 
constitutive activation of mitogen-activated protein kinase (MAPK) pathway.  These results suggest that the antitumor effect of 
gefitinib is due to the effective inhibition of HER2-driven constitutive activation of phosphatidylinositol-3-kinase (PI3K)/Akt pathway, 
and that the acquired resistance to gefitinib is due to the constitutive activation of Ras/MAPK pathway in compensation for PI3K/Akt 
pathway.  Gastric cancer liver metastasis with HER2 overexpression would be a potential mol. target for gefitinib and trastuzumab.
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Purpose: Recognition that the epidermal growth factor receptor (EGFR) was a therapeutic target in non-small cell lung cancer (NSCLC) 
and other cancers led to development of the small-mol. receptor tyrosine kinase inhibitors gefitinib and erlotinib.  Clin. trials established 
that EGFR tyrosine kinase inhibitors produced objective responses in a minority of NSCLC patients.  We examd. the sensitivity of 23 
NSCLC lines with wild-type or mutated EGFR to gefitinib to det. genes/proteins related to sensitivity, including EGFR and HER2 cell 
surface expression, phosphorylated EGFR expression, EGFR gene copy no., and EGFR mutational status.  Downstream cell cycle 
and signaling events were compared with growth-inhibitory effects.  Exptl. Design: We detd. gefitinib sensitivity by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assays, EGFR expression by fluorescence-activated cell sorting and 
immunohistochem., phosphorylated EGFR by Western blotting, EGFR gene copy no. by fluorescence in situ hybridization, and EGFR 
mutation by sequencing.  The cellular effects of gefitinib on cell cycle were detd. by flow cytometry and the mol. effects of gefitinib 
EGFR inhibition on downstream signal proteins by Western blotting.  Gefitinib in vivo effects were evaluated in athymic nude mice 
bearing sensitive and resistant NSCLC xenografts.  Results: There was a significant correlation between EGFR gene copy no., EGFR 
gene mutations, and gefitinib sensitivity.  EGFR protein was necessary but not sufficient for predicting sensitivity.  Gefitinib-sensitive 
lines showed a G1 cell cycle arrest and inactivation of downstream signaling proteins; resistant cell lines had no changes.  The in vivo 
effects mirrored the in vitro effects.  Conclusions: This panel of NSCLC lines characterized for gefitinib response was used to identify 
predictive mol. markers of response to gefitinib.  Several of these have subsequently been shown to identify NSCLC patients likely to 
benefit from gefitinib therapy.

 
Abstract

22 August 2008 Page: 6SciFinder
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Purpose: The vascular endothelial growth factor receptor-2 (VEGFR2) tyrosine kinase has been implicated in the pathol. angiogenesis 
assocd. with tumor growth.  YM-359445 was a (3Z)-3-quinolin-2(1H)-ylidene-1,3-dihydro-2H-indol-2-one deriv. found while screening 
based on the inhibition of VEGFR2 tyrosine kinase.  The aim of this study was to analyze the efficacy of this compd. both in vitro and 
in vivo.  Exptl. Design: We tested the effects of YM-359445 on VEGFR2 tyrosine kinase activity, cell proliferation, and angiogenesis.  
The antitumor activity of YM-359445 was also tested in nude mice bearing various established tumors and compared with other 
VEGFR2 tyrosine kinase inhibitors (ZD6474, CP-547632, CGP79787, SU11248, and AZD2171), a cytotoxic agent (paclitaxel), and an 
epidermal growth factor receptor tyrosine kinase inhibitor (gefitinib).  Results: The IC50 of YM-359445 for VEGFR2 tyrosine kinase was 
0.0085 μmol/L.  In human vascular endothelial cells, the compd. inhibited VEGF-dependent proliferation, VEGFR2 autophosphorylation, 
and sprout formation at concns. of 0.001 to 0.003 μmol/L.  These concns. had no direct cytotoxic effect on cancer cells.  In mice 
bearing various established tumors, including paclitaxel-resistant tumors, once daily oral administration of YM-359445 at doses of 0.5 
to 4 mg/kg not only inhibited tumor growth but also reduced its vasculature.  YM-359445 had greater antitumor activity than other 
VEGFR2 tyrosine kinase inhibitors.  Moreover, in human lung cancer A549 xenografts, YM-359445 markedly regressed the tumors 
(73%) at a dose of 4 mg/kg, whereas gefitinib caused no regression even at 100 mg/kg.  Conclusion: Our results show that YM-359445 
is more potent than orally bioavailable VEGFR2 tyrosine kinase inhibitors, which leads to great expectations for clin. applicability.
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Current exptl. and clin. knowledge supports the optimization of endothelial cell targeting using a strategy combining anti-EGFR drugs 
with antivascular agents.  The purpose of the present study was to examine the effects of the assocn. of ZD6126, an antivascular 
microtubule-destabilizing agent, with gefitinib and irradn. on the growth of six head and neck human cancer cell lines xenografted in 
nude mice and to study predictive and mol. factors responsible for antitumor effects.  CAL33- and Hep-2-grafted cell lines were the 
most sensitive to ZD6126 treatment, with VEGF levels significantly higher (P = 0.0336) in these tumor xenografts compared to Detroit 
562- and CAL27-grafted cell lines with relatively low VEGF levels that were not sensitive to ZD6126.  In contrast, neither IL8 levels nor 
EGFR expression was linked to the antitumor effects of ZD6126.  ZD6126 in combination with gefitinib resulted in a synergistic 
cytotoxic interaction with greater antitumor effects than gefitinib alone.  The synergistic interaction between ZD6126 and gefitinib was 
corroborated by a significant decrease in CD31 labeling.  The present study may serve for future innovative clin. applications, as it 
suggests that VEGF tumor levels are possible predictors for ZD6126 antitumor efficacy.  It also supports the notion of antitumor 
supra-additivity when combining gefitinib and ZD6126, and identifies neoangiogenesis as the main determinant of this synergistic 
combination.

 
Abstract
 

Nice,  Fr.    British Journal of Cancer  (2006),  95(6),  722-728.  Publisher: Nature Publishing Group,  CODEN: BJCAAI  ISSN: 
0007-0920.  Journal  written in English.    CAN 146:492712    AN 2006:932678    CAPLUS   (Copyright (C) 2008 ACS on SciFinder (R))  

22 August 2008 Page: 7SciFinder



Zoledronic acid cooperates with a cyclooxygenase-2 inhibitor and gefitinib in inhibiting breast and prostate cancer.     
Melisi, Davide; Caputo, Rosa; Damiano, Vincenzo; Bianco, Roberto; Veneziani, Bianca Maria; Bianco, A. Raffaele; De Placido, Sabino; 
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Answer 16:

Factors predicting sensitivity to epidermal growth factor receptor (EGFR) blockade are largely unknown and new strategies are being 
sought to individualize cancer therapy.  This study evaluated the variation in the expression of the early response gene c-fos as a 
distal effect of EGFR inhibition and its relationship to antitumor effects.  The growth-inhibitory and c-fos-modulating effects of gefitinib 
and erlotinib in human cancer cell lines (A431, CAL27, HN11, HuCCT1, and Hep2) were detd.  Next, these cell lines were xenografted 
in mice and treated for 14 days with gefitinib (A431 and HuCCT1) or erlotinib (CAL27, HN11, and Hep2).  Fine needle aspiration biopsy 
of tumors was done at baseline and after 14 days of therapy for c-fos assessment.  In addn., we tested the feasibility of analyzing 
this marker in five paired tumor samples from a clin. trial of gefitinib in patients with solid tumors.  In culture, gefitinib and erlotinib 
decreased c-fos mRNA levels in the susceptible cell lines A431, CAL27, and HN11; however, both drugs failed to achieve c-fos 
inhibition in resistant cells.  Gefitinib or erlotinib abrogated the increase in c-fos expression in vivo in EGFR-sensitive A431, CAL27, 
and HN11 tumors but not in resistant strains.  Ex vivo evaluation was feasible and predicted in vivo effects.  The feasibility study in 
paired human tumor biopsies showed that this biomarker can be reliably measured in clin. materials.  In summary, variations in c-fos 
expression reflect the pharmacol. actions of EGFR inhibitors in in vitro and in vivo models.
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Desmethyl-gefitinib is a major metabolite of gefitinib obsd. in human plasma at concns. similar to those of gefitinib.  The epidermal 
growth factor receptor (EGFR)-related inhibitory effects of gefitinib and desmethyl-gefitinib have been compared both in vitro, using 
enzyme kinase assays and tumor cell growth inhibition, and in vivo by assessment of tumor xenografts growth inhibition in the mouse.  
Both gefitinib (IC50 = 0.022 μM) and its desmethyl metabolite (0.036 μM) inhibited subcellular EGFR tyrosine kinase activity with a 
similar potency and selectivity.  However, desmethyl-gefitinib (IC50 = 0.76 μM) was 15 times less active than gefitinib (0.049 μM) 
against EGF-stimulated KB cell growth in a whole cell assay.  Following a preliminary pharmacokinetic study to compare apparent oral 
bioavailability, gefitinib (75 mg kg-1) and desmethyl-gefitinib (150 mg kg-1) were administered orally for 15 days to female nude mice 
bearing LoVo tumor xenografts.  Tumor concns. of gefitinib (AUC = 300 μg h g-1) were much higher than those of desmethyl-gefitinib 
(44.3 μg h g-1), although plasma concns. of gefitinib (48.4 μg h ml-1) and desmethyl-gefitinib (39.0 μg h ml-1) were quite similar at 
these dose levels. Gefitinib produced significant tumor growth inhibition throughout the course of the study ultimately resulting in a 
50% decrease (compared with controls) by day 15.  In contrast, although present at comparable plasma levels, desmethyl-gefitinib had 
little effect on tumor growth and is, therefore, considered unlikely to contribute significantly to the therapeutic activity of gefitinib in 
the clin. situation.
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Answer 18:

evaluation of gefitinib in combination with IFN-α in HNSCC.

Purpose: Epidermal growth factor receptor (EGFR) overexpression has been implicated in the development of head and neck 
squamous cell carcinomas (HNSCC) and represents a potential therapeutic target for this disease.  We have reported previously that 
growth inhibitory concns. of IFN-α enhance the expression and activity of EGFR and that this effect could represent an escape 
mechanism to the growth inhibition and apoptotic cell death induced by IFN-α.  In this study, we investigate whether the combination of 
IFN-α and gefitinib (Iressa, AstraZeneca Pharmaceuticals, Macclesfield, United Kingdom), a selective EGFR tyrosine kinase inhibitor, 
might have a cooperative antitumor effect on HNSCC-derived cell lines.  Exptl. Design: The interaction of IFN-α and gefitinib was 
evaluated in vitro on HNSCC-derived cell lines by median drug effect anal. calcg. a combination index with CalcuSyn software and in 
vivo by using HNSCC xenografts in nude mice.  The mechanism of gefitinib and IFN-α interactions was also studied by anal. of cell 
cycle kinetics, apoptosis assays, and Western blotting of EGFR signal transduction components.  Results: Simultaneous exposure to 
gefitinib and IFN-α produced synergistic antiproliferative and proapoptotic effects compared with single drug treatment.  Furthermore, 
daily treatment of gefitinib (50 mg/kg p.o.) in combination with an IFN-α regimen (50,000 units s.c. three times weekly) induced tumor 
growth delay and increased survival rate on established HNSCC xenografts in nude mice.  Moreover, the concomitant treatment with 
gefitinib suppressed the stimulation of extracellular signal-regulated kinase phosphorylation/activity induced by IFN-α both in vitro and 
in vivo.  Conclusion: The obsd. cooperative antitumor effects could be, at least in part, explained by the inhibition exerted by gefitinib 
of an IFN-α-induced EGF-dependent survival pathway, which involves extracellular signal-regulated kinase activation.  These results 
provide a rationale for the clin.
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Biphosphonates (BPs) are widely used to inhibit osteoclastic activity in malignant diseases such as bone metastatic breast and 
prostate carcinoma.  Recent studies reported that BPs could also cause a direct antitumor effect, probably due to their ability to 
interfere with several intracellular signaling mols.  The enzyme cyclooxygenase-2 (COX-2) and the epidermal growth factor receptor 
(EGFR) play an important role in the control of cancer cell growth and inhibitors of COX-2 and EGFR have shown antitumor activity in 
vitro and in vivo in several tumor types.  We, and others, have previously shown that EGFR and COX-2 may be directly related to 
each other and that their selective inhibitors may have a cooperative effect.  In the present study we have evaluated the combined 
effect of zoledronic acid, the most potent nitrogen-contg. BP, with the COX-2 inhibitor SC-236 and the selective EGFR-tyrosine kinase 
inhibitor gefitinib, on breast and prostate cancer models in vitro and in xenografted nude mice.  We show that combination of zoledronic 
acid with SC-236 and gefitinib causes a cooperative antitumor effect accompanied by induction of apoptosis and regulation of the 
expression of mitogenic factors, proangiogenic factors and cell cycle controllers both in vitro and in xenografted nude mice.  The 
modulatory effect on protein expression and the inhibitory effect on tumor growth is much more potent when the three agents are used 
together.  Since studies are ongoing to explore the antitumor effect of zoledronic acid, our results provide new insights into the 
mechanism of action of these agents and a novel rationale to translate this feasible combination treatment strategy into a clin. setting.
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Although the combination of gemcitabine and radiation produces a high frequency of complete responses in the treatment of locally 
advanced head and neck cancer, substantial toxicity suggests that an improvement in the therapeutic index is required.  The purpose 
of this study was to det. if gefitinib could improve the efficacy of gemcitabine and if drug schedule is important.  We hypothesized 
that gemcitabine followed by gefitinib would be superior to the opposite order because of both cell cycle and growth factor signaling 
interactions.  Using UMSCC-1 cells in vitro, we confirmed that gefitinib arrested cells in G1 and suppressed phospho-epidermal growth 
factor receptor (pY845EGFR) and that gemcitabine arrested cells in S phase and stimulated pY845EGFR.  The schedule of 
gemcitabine followed by gefitinib caused arrest of cells in S phase.  Gefitinib suppressed gemcitabine-mediated pY845EGFR 
stimulation.  This schedule caused decreased pS473AKT, increased poly(ADP-ribose) polymerase cleavage, and increased apoptosis 
compared with gemcitabine alone.  The schedule of gefitinib followed by gemcitabine also caused suppression of pY845EGFR but 
arrested cells in G1.  This schedule in which gefitinib was used first was assocd. with stable levels of pS473AKT and minimal 
poly(ADP-ribose) polymerase cleavage and apoptosis.  These results were reflected in expts. in nude mice bearing UMSCC-1 
xenografts, in which there was greater tumor regression and apoptosis when animals received gemcitabine followed by gefitinib during 
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Purpose: Immunostimulating Toll-like receptor 9 (TLR9) agonists cause antitumor activity interfering also with cancer proliferation and 
angiogenesis by mechanisms still incompletely understood.  We hypothesized that modified TLR9 agonists could impair epidermal 
growth factor receptor (EGFR) signaling and, by this means, greatly enhance EGFR inhibitors effect, acting on both the receptor 
targeting and the immunol. arm.  Exptl. Design: We used a novel second-generation, modified, immunomodulatory TLR9 agonist (IMO), 
alone and in combination with the anti-EGFR monoclonal antibody cetuximab or tyrosine kinase inhibitor gefitinib, on the growth of GEO 
and cetuximab-resistant derivs. GEO-CR colon cancer xenografts.  We have also evaluated the expression of several proteins crit. for 
cell proliferation, apoptosis, and angiogenesis, including EGFR, mitogen-activated protein kinase, Akt, bcl-2, cyclooxygenase-2, 
vascular endothelial growth factor, and nuclear factor-κB.  Results: IMO inhibited GEO growth and signaling by EGFR and the other 
proteins crit. for cell proliferation and angiogenesis.  IMO plus the anti-EGFR antibody cetuximab synergistically inhibited tumor growth, 
signaling proteins, and microvessel formation.  EGFR signaling inhibition by IMO is relevant because IMO cooperated also with EGFR 
tyrosine kinase inhibitor gefitinib in GEO tumors, while it was inactive against GEO-CR xenografts.  On the other hand, IMO boosted 
the non-EGFR-dependent cetuximab activity, causing a cooperative antitumor effect in GEO-CR cells.  Finally, combination of IMO, 
cetuximab and chemotherapeutic irinotecan eradicated the tumors in 90% of mice.  Conclusion: IMO interferes with EGFR-related 
signaling and angiogenesis and has a synergistic antitumor effect with EGFR inhibitors, esp. with cetuximab, boosting both the EGFR 
dependent and independent activity of this agent.  Moreover, this therapeutic strategy could be translated in patients affected by 
colorectal cancer.
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High expression of epidermal growth factor receptor (EGFR) is thought to be correlated with cell proliferation, invasion, metastasis, 
resistance to chemoradiotherapy, and poor prognosis in various kinds of human cancers.  Blockade of EGFR signal transduction can 
be a promising strategy for cancer therapy.  Approx. 40-70% of esophageal squamous cell carcinomas (ESCCs) show high expression 
of EGFR.  In this study, the authors examd. the antitumor effect of gefitinib, an EGFR tyrosine kinase inhibitor, against ESCC cells in 
vitro and in vivo.  In 3 ESCC cell lines (TE8, T.T, and T.Tn), cell proliferation had been inhibited in a dose-dependent manner and IC50 
values (resp., 8.49, 18.9 and 17.3 μM).  Gefitinib inhibited EGF-induced autophosphorylation of EGFR and its downstream signaling 
pathways, Ras/Raf/MAPK and PI3K/Akt, and caused G1 arrest of cell cycle and apoptosis confirmed with flow cytometry.  The 
authors examd. the effect of gefitinib on nude mice bearing established TE8 and T.T xenografts.  Gefitinib (100 or 200 mg/kg 
once-daily, p.o.) showed antitumor activity in a dose-dependent manner, resulting in a significantly improved survival of treated mice 
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We describe a mol. resistance biomarker to gefitinib, epithelial membrane protein-1 (EMP-1).  Gefitinib is a small-mol. inhibitor that 
competes for the ATP-binding site on EGF receptor (EGFR) and has been approved for patients with advanced lung cancers.  
Treatment with gefitinib has resulted in clin. benefit in patients, and, recently, heterozygous somatic mutations within the EGFR 
catalytic domain have been identified as a clin. correlate to objective response to gefitinib.  However, clin. resistance to gefitinib limits 
the utility of this therapeutic to a fraction of patients, and objective clin. responses are rare.  We aimed to assess the mol. phenotype 
and mechanism of in vivo gefitinib resistance in xenograft models and in patient samples.  We generated in vivo gefitinib-resistance 
models in an adenocarcinoma xenograft model by serially passaging tumors in nude mice in presence of gefitinib until resistance was 
acquired.  EMP-1 was identified as a surface biomarker whose expression correlated with acquisition of gefitinib resistance.  EMP-1 
expression was further correlated with lack of complete or partial response to gefitinib in lung cancer patient samples as well as clin. 
progression to secondary gefitinib resistance.  EMP-1 expression and acquisition of gefitinib clin. resistance was independent of 
gefitinib-sensitizing EGFR somatic mutations.  This report suggests the role of the adhesion mol., EMP-1, as a biomarker of gefitinib 
clin. resistance, and further suggests a probable cross-talk between this mol. and the EGFR signaling pathway.
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the first week of therapy.  These findings suggest that the schedule of gemcitabine followed by gefitinib may increase the therapeutic 
index over gemcitabine alone and, combined with clin. data, encourage exploration of combination of gemcitabine, EGFR inhibitors, and 
radiation.
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New drugs and new combinations of drugs have recently shown promising clin. activity in hormone refractory prostate cancer.  We 
studied the assocn. of gefitinib with trastuzumab on the androgen-refractory prostate cancer cell line DU145 expressing both epidermal 
growth factor receptor (EGFR) and HER-2.  Drug combinations with radiotherapy (RT) were considered along with the anal. of factors 
linked to cell proliferation and apoptosis.  The antitumor effects of gefitinib were more pronounced than those obsd. with trastuzumab.  
In mice receiving the gefitinib-trastuzumab combination, redn. in tumor vol. was inferior to that predicted by the obsd. impact of the 
agents alone.  The presence of trastuzumab markedly attenuated the relative increase on p27 expression and the Bax:Bcl2 ratio 
induced by gefitinib.  The combination gefitinib-RT had similar antitumor effects as those predicted by the impact of the individual 
treatments, whereas the effect of the trastuzumab-RT combination was inferior to that predicted by the individual effects.  The present 
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BACKGROUND. We investigated the expression of the epidermal growth factor (EGF) network before and after castration in the 
prostate cancer xenograft CWR22 implanted in nude mice, and examd. the effects of gefitinib (Iresssa, ZD1839), a new drug directed 
towards the EGF tyrosine kinase receptor (HER1) of the EGF network.  METHODS. CWR22 prostate cancer xenografts were 
propagated in immunodeficient male mice.  The expression of the growth factors and receptors in the EGF network was examd. by 
real-time PCR anal. and ELISA at 0, 7, 14, and 30 days after castration, and the tumor growth was examd. after treatment with 
gefitinib or placebo.  RESULTS. A fraction of growth factors showed a steady increase in the mRNA expression reaching between 
fourfold and eightfold 30 days after castration, including amphiregulin (P < 0.005) and epiregulin (P < 0.001).  ELISA for amphiregulin 
showed a fivefold increase 30 days after castration.  Tumor bearing mice were castrated and treated with or without the HER1 tyrosine 
kinase inhibitor gefitinib.  Tumor involution was significantly increased by castration plus gefitinib as compared to castration alone.  
CONCLUSIONS. Castration leads to adaptive increase in the concns. of a subset of growth factors from the EGF network in the 
androgen sensitive CWR22 prostate cancer xenograft.  Specific inhibition of the HER1 tyrosine kinase receptor significantly increases 
the tumor involution, and suggests that HER1 targeted drugs could be of therapeutic relevance in the treatment of advanced prostate 
cancer.
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as compared with untreated mice.  Immunohistochem. examn. of the harvested tumor was performed to examine the status of 
phosphorylated EGFR, PCNA, Factor VIII and apoptosis.  The authors found inhibition of EGFR phosphorylation, cell cycle arrest (by 
PCNA staining), decrease of microvessel d. (Factor VIII) and induction of apoptosis by TUNEL staining.  In conclusion, the authors' 
findings demonstrate that gefitinib is effective for growth inhibition of ESCC cell lines in vitro and in vivo and suggest that gefitinib 
may be one of the new therapeutic options for ESSC.
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Anaplastic thyroid cancer is one of the most aggressive human malignancies and the outcomes of conventional therapy have been far 
from satisfactory.  Recently, epidermal growth factor receptor (EGFR)-targeted therapy has been introduced as an alternative 
therapeutic strategy for highly malignant cancers.  This study was undertaken to investigate the expression of EGFR in anaplastic 
thyroid cancer cell lines, and to explore the potential of therapies targeting EGFR as a new therapeutic approach.  EGFR was 
universally expressed in anaplastic cancer cell lines at a variety of levels.  Specific EGFR stimulation with epidermal growth factor 
showed significant phosphorylation of ERK1/2 and Akt, and resulted in marked growth stimulation in an anaplastic thyroid cancer cell 
line, which highly expressed EGFR.  This EGFR-transmitted proliferation effect of the cancer cell line was completely inhibited by 
gefitinib, an EGFR tyrosine kinase inhibitor.  Moreover, growth of xenografts inoculated in mice was inhibited in a dose-dependent 
manner with 25-50 mg kg-1 of gefitinib administrated orally.  Inhibition of EGFR-transmitted growth stimulation by gefitinib was clearly 
obsd. in anaplastic thyroid cancer cell lines.  Our results suggested that EGFR-targeted therapy, such as gefitinib, might be worth 
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The relative distribution of gefitinib-related material in nude mice bearing s.c. human tumor xenografts and in an orthotopic rat lung 
tumor model was investigated following oral administration (50 mg/kg) of [14C]-gefitinib.  Selected tissue samples were monitored for 
radioactivity by liq. scintillation counting, whereas plasma and tumor exts. were assayed for gefitinib and its major metabolites 
(M523595 and M537194) by high-performance liq. chromatog. with tandem mass spectrometric detection.  Tissue distribution was also 
detd. by whole body autoradiog.  Gefitinib was extensively distributed into the tissues of tumor-bearing mice and unchanged gefitinib 
was shown to account for most of the tumor radioactivity.  Concns. of gefitinib in mouse s.c. tumor xenografts were similar to skin 
concns. and substantially greater (up to 12-fold based on area under the concn.-time curve) than plasma.  Concns. of gefitinib-related 
material in an orthotopic rat lung tumor were similar to those in healthy lung tissue and were much higher than corresponding blood 
levels.  Following treatment of breast cancer patients with oral gefitinib (Iressa) 250 mg/d for ≥ 14 days, gefitinib concns. (mean, 7.5 
μg/g, 16.7 μmol/L) in breast tumor tissue were 42 times higher than plasma, confirming the preferential distribution of gefitinib from 
blood into tumor tissue in the clin. situation.  These gefitinib tumor concns. are considerably higher than those reportedly required in 
vitro to achieve complete inhibition of epidermal growth factor receptor autophosphorylation in both epidermal growth factor receptor 
mutant (0.2 μmol/L) and wild-type cells (2 μmol/L).
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data should be borne in mind when designing new clin. schedules for treatment of hormone-refractory prostate cancer including the use 
of HER inhibitors.
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A review.  Gefitinib is a synthetic anilinoquinazole capable of inhibiting the epidermal growth factor (EGF) receptor (EGFR) tyrosine 
kinase in vitro at nanomolar concns.  Orally administered gefitinib inhibited tumor growth in mice bearing a range of human 
tumor-derived xenografts in a dose-dependent manner.  In phase I trials, gefitinib was well tolerated at doses above that required to 
achieve antitumor activity in preclin. studies, and antitumor activity was obsd. in patients with non-small-cell lung cancer (NSCLC).  On 
the basis of these preclin. and clin. data, phase II trials of single-agent gefitinib were undertaken in individuals with recurrent NSCLC.  
The results of one of these trials, known as Iressa Dose Evaluation in Advanced Lung Cancer (IDEAL-1), are discussed.
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Identifying new effective therapeutic treatments for lung cancer is crit. to improving overall patient survival.  The authors have 
targeted both the estrogen receptor (ER) and the epidermal growth factor receptor (EGFR) pathways using an ER antagonist, 
fulvestrant ("Faslodex"), and the selective EGFR tyrosine kinase inhibitor, gefitinib ("Iressa"), in nonsmall cell lung cancer (NSCLC) 
cells.  Rapid activation of phospho-EGFR and phospho-p44/p42 mitogen-activated protein kinase by estrogen was obsd., indicating 
nonnuclear ER transactivation of EGFR.  Addnl., EGFR protein expression was down-regulated in response to estrogen and 
up-regulated in response to fulvestrant in vitro, suggesting that the EGFR pathway is activated when estrogen is depleted in NSCLC 
cells.  Cell growth and apoptosis were examd. in several NSCLC lines that express varying amts. of ERβ, EGFR, and Neu but no 
full-length ERα.  One cell line contained an EGFR mutation.  Cells were exposed to 10 nmol/L estrogen and 10 ng/mL EGF and either 1 
μmol/L fulvestrant or 1 μmol/L gefitinib alone or in combination.  In all cell lines, the drug combination decreased cell proliferation up to 
90% and increased apoptosis 2-fold.  The relative responses to gefitinib and fulvestrant were similar regardless of ER and EGFR 
expression and mutation status.  In an in vivo lung tumor xenograft model, the drug combination decreased tumor vol. in severe 
combined immunodeficient mice by .apprx.60% compared with 49% and 32% for gefitinib and fulvestrant treatment alone, resp.  
Antitumor effects of the combination therapy were accompanied by biochem. and histol. evidence of increased apoptosis, decreased 
phospho-p44/p42 mitogen-activated protein kinase expression, and increased Ki-67 expression compared with individual treatment.  
These studies provide evidence of a functional interaction between the ER and the EGFR pathways in NSCLC.

 
Abstract
 

Combined targeting of the estrogen receptor and the epidermal growth factor receptor in non-small cell lung cancer shows 
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further investigation for the treatment of anaplastic thyroid cancer.
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Malignant rhabdoid tumor (MRT) is a rare and highly aggressive neoplasm of young children.  Current treatments have had only limited 
success.  Epidermal growth factor receptor (EGFR) was found recently to be expressed on MRT cell lines.  Gefitinib (trade name 
Iressa) is an oral and selective EGFR-tyrosine kinase inhibitor and has been demonstrated to be effective in inhibiting the proliferation 
of cancer cells in vivo as well as in clin. trials.  This encouraged the authors to examine the antitumor effects of gefitinib on MRT cells 
in vitro and in vivo.  The expression of EGFR in two MRT tumors and two MRT cell lines (MP-MRT-AN and KP-MRT-NS), established 
from these two tumor tissues, was examd. by immunohistochem., immunofluorescence, and immunoblot.  The effect of gefitinib on 
EGFR phosphorylation was examd. by immunoblot.  The effects of gefitinib on cell growth and apoptosis were examd. by cell growth 
assay and terminal deoxynucleotidyl transferase-mediated nick end labeling assay.  The in vivo effect of gefitinib was assessed in 
athymic mice that had been xenografted with MRT cells.  The expression of EGFR was detected in both tumor tissues and cell lines.  
Gefitinib inhibited EGFR-phosphorylation (IC50 < 0.1 μmol/L) and in vitro cell growth (IC50 = approx. 10-12 μmol/L), and a high concn. 
of gefitinib (20 μmol/L) induced apoptosis in vitro (MP-MRT-AN, 42.9% and KP-MRT-NS, 47.2%).  Furthermore, gefitinib at 150 mg/kg 
had a cytostatic effect on established MRT xenografts (MP-MRT-AN, and 0.0014; and KP-MRT-NS, and 0.0086).  Our results 
demonstrate that gefitinib has antitumor effects in MRT cells in vitro and in vivo and, thus, has promise as a novel and therapeutic 
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 Our findings suggest both shared and complementary mechanisms of action with gefitinib and cetuximab and support 
combined EGFR targeting as a clin. exploitable strategy.

The epidermal growth factor receptor (EGFR) is abnormally activated in cancer and two classes of anti-EGFR agents, monoclonal 
antibodies and low-mol.-wt. tyrosine kinase inhibitors, have shown antitumor activity in patients.  Because these two classes of 
antireceptor agents target the EGFR at different sites, we decided to explore whether the combined administration of gefitinib, a 
tyrosine kinase inhibitor, and cetuximab, a monoclonal antibody, had superior antitumor activity than either agent given alone.  We 
studied the effects of the combination of gefitinib and cetuximab in a panel of human cancer cell lines and in an EGFR-dependent 
human tumor xenograft model (A431).  The effects of these two agents on EGFR signaling, proliferation, apoptosis, and 
vascularization were evaluated.  In addn., we analyzed, with cDNA arrays, changes in gene expression profiles induced by both 
agents.  The combined treatment with gefitinib and cetuximab resulted in a synergistic effect on cell proliferation and in superior 
inhibition of EGFR-dependent signaling and induction of apoptosis.  In a series of in vivo expts., single-agent gefitinib or cetuximab 
resulted in transient complete tumor remission only at the highest doses.  In contrast, suboptimal doses of gefitinib and cetuximab 
given together resulted in a complete and permanent regression of large tumors.  In the combination-treated tumors, there was a 
superior inhibition of EGFR, mitogen-activated protein kinase, and Akt phosphorylation, as well as greater inhibition of cell proliferation 
and vascularization and enhanced apoptosis.  Using cDNA arrays, we found 59 genes that were coregulated and 45 genes differentially 
regulated, including genes related to cell proliferation and differentiation, transcription, DNA synthesis and repair, angiogenesis, 
signaling mols., cytoskeleton organization, and tumor invasion and metastasis.
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The purpose of this research was to assess the effects of single agent and combination treatment with trastuzumab and gefitinib on 
tumor growth and tumor microenvironment in two HER-2/neu overexpressing breast xenograft models, MDA-MB-435/LCC6HER-2 
(LCC6HER-2; estrogen receptor neg.) and MCF-7HER-2 (estrogen receptor pos.).  LCC6HER-2 and MCF-7HER-2 cells, both in tissue 
culture and xenografts grown in SCID-Rag 2M mice, were treated with trastuzumab and gefitinib, alone or in combination.  The rate of 
tumor growth was detd.  In addn., tumor HER-2/neu and epidermal growth factor receptor expression, cell viability, cell cycle 
distribution, and proportion of viable hypoxic cells were detd. by flow cytometric analyses of single tumor cell suspensions.  Both 
tumor models were very sensitive to trastuzumab and moderately sensitive to gefitinib in vivo.  The combination resulted in 
therapeutic effects, as judged by inhibition of tumor growth, which was greater (albeit not statistically significant) than that obsd. with 
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The epidermal growth factor receptor (EGFR) may play a relevant role in the progression, hormone therapy resistance, and prognosis 
of prostate cancer patients.  Also MDM2, a neg. p53 regulator that interacts with retinoblastoma (Rb), E2F, p19arf and the 
ras-mitogen-activated protein kinase(MAPK) cascade plays an important role in prostate cancer progression and prognosis.  On the 
basis of the EGFR and MDM2 role in integrating signaling pathways crit. for prostate cancer progression, we investigated whether their 
selective combined blockade may have a cooperative antitumor effect in prostate cancer.  For this purpose, we have used the EGFR 
tyrosine kinase inhibitor gefitinib (ZD1839, Iressa) and a second generation hybrid oligonucleotide antisense MDM2 (AS-MDM2), resp.  
Gefitinib and AS-MDM2 were administered to hormone-refractory and hormone-dependent human prostate cancer cells in vitro and to 
mice bearing tumor xenografts, evaluating the effects on growth, apoptosis, and protein expression, in vitro and in vivo.  We 
demonstrated that the combination of gefitinib and AS-MDM2 synergistically inhibits the growth of hormone-independent prostate 
cancer cells in vitro.  This effect is accompanied by the inhibition of MDM2, phosphorylated Akt (pAkt), phosphorylated MAPK 
(pMAPK), and vascular endothelial growth factor (VEGF) expression and by Rb hypophosphorylation.  The combination of the two 
agents in nude mice bearing the same hormone-independent tumors caused a potent cooperative antitumor effect.  Tumor samples 
anal. confirmed the inhibition of MDM2, pAkt, pMAPK, VEGF, and basic fibroblast growth factor expression.  This study shows that 
EGFR and MDM2 play a crit. role in the growth of prostate cancer, esp. hormone-dependent, and that their combined blockade by 
gefitinib and AS-MDM2 causes a cooperative antitumor effect, supporting the clin. development of this therapeutic strategy.
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strategy for MRT.
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 GEO tumor growth was blocked only in mice treated with ZD6474, whereas tumor progression was obsd. in mice re-treated with C225 
or ZD1839.  GEO tumors growing during treatment with C225 or with ZD1839 were established as cell lines (GEO-C225-RES and 
GEO-ZD1839-RES, resp.).  Cell membrane-assocd. EGFR expression was only slightly reduced in these cell lines compared with 
parental GEO cells.  Western blotting revealed no major change in the expression of the EGFR ligand transforming growth factor α of 
bcl-2, bcl-xL, p53, p27, MDM-2, akt, activated phospho-akt, or mitogen-activated protein kinase.  However, both GEO-C225-RES and 
GEO-ZD1839-RES cells exhibited a 5-10-fold increase in activated phospho-mitogen-activated protein kinase and in the expression of 
cyclooxygenase-2 and of VEGF compared with GEO cells.  GEO-C225-RES and GEO-ZD1839-RES growth as xenografts in nude mice 
was not significantly affected by treatment with either C225 or ZD1839 but was efficiently inhibited by ZD6474.  Long-term treatment 
of GEO xenografts with selective EGFR inhibitors results in the development of EGFR inhibitor-resistant cancer cells.  Growth of 
EGFR inhibitor-resistant tumors can be inhibited by ZD6474.  These data indicate that inhibition of VEGF signaling has potential as an 
anticancer strategy, even in tumors that are resistant to EGF inhibitors.

The epidermal growth factor receptor (EGFR) autocrine signaling pathway is involved in cancer development and progression.  EGFR 
inhibitors such as C225 (cetuximab), a chimeric human-mouse anti-EGFR monoclonal antibody, and ZD1839 (gefitinib), a small mol. 
EGFR-selective tyrosine kinase inhibitor, are in advanced clin. development.  The potential emergence of cancer cell resistance in 
EGFR-expressing cancers treated with EGFR inhibitors could det. lack of activity of these drugs in some cancer patients.  Vascular 
endothelial growth factor (VEGF) is secreted by cancer cells and plays a key role in the regulation of tumor-induced endothelial cell 
proliferation and permeability.  ZD6474 is a small mol. VEGF flk-1/KDR (VEGFR-2) tyrosine kinase inhibitor that also demonstrates 
inhibitory activity against EGFR tyrosine kinase.  The antitumor activity of ZD1839, C225, and ZD6474 was tested in athymic mice 
bearing human GEO colon cancer xenografts.  GEO cell lines resistant to EGFR inhibitors were established from GEO xenografts 
growing in mice treated chronically with ZD1839 or C225.  Expression of EGFR was evaluated by flow cytometry.  Expression of 
various proteins involved in intracellular cell signaling was assessed by Western blotting.  Tumor growth data were evaluated for 
statistical significance using the Student's t test.  All Ps were two-sided.  Although chronic administration of optimal doses of C225 or 
ZD1839 efficiently blocked GEO tumor growth in the majority of mice, tumors slowly started to grow within 80-90 days, despite 
continuous treatment.  In contrast, continuous treatment of mice bearing established GEO xenografts with ZD6474 resulted in efficient 
tumor growth inhibition for the entire duration of dosing (up to 150 days).  ZD6474 activity was also detd. in mice pretreated with 
ZD1839 or C225.  When GEO growth was apparent after 4 wk of treatment with EGFR inhibitors, mice were either re-treated with EGFR 
inhibitors or treated with ZD6474.
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trastuzumab administered as a single agent.  Trastuzumab was effective in down-regulating HER-2/neu, and gefitinib mediated a redn. 
in epidermal growth factor receptor expression on tumor cells.  In LCC6HER-2 tumors, trastuzumab significantly reduced tumor cell 
viability, which was not improved by the addn. of gefitinib.  Gefitinib dramatically reduced the proportion of viable hypoxic cells in 
LCC6HER-2 and MCF-7HER-2 tumors.  This effect was abrogated by the addn. of trastuzumab.  Although in vivo efficacy studies in 
two HER-2/neu overexpressing breast xenograft models showed that the combination of trastuzumab and gefitinib was effective, 
analyses of various cellular parameters failed to reveal beneficial effects and argue that this drug combination may not be favorable.
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Epidermal growth factor receptor [EGFR (HER1, erbB1)] is a receptor with assocd. tyrosine kinase activity, and is expressed in 
colorectal cancers and many other solid tumors.  We examd. the effect of the selective EGFR tyrosine kinase inhibitor (EGFR-TKI) 
gefitinib ("Iressa") in combination with the DNA topoisomerase I inhibitor CPT-11 (irinotecan) on human colorectal cancer cells.  EGFR 
mRNA and protein expression were detected by RT-PCR and immunoblotting in all 7 colorectal cancer cell lines studied.  Gefitinib 
inhibited the cell growth of the cancer cell lines in vitro with an IC50 range of 1.2-160 μM by 
3,(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay.  Lovo cells exhibited the highest level of protein and 
autophosphorylation of EGFR and were the most sensitive to gefitinib.  The combination of gefitinib and CPT-11 induced supra-additive 
inhibitory effects in COLO320DM, WiDR and Lovo cells, assessed by an in vitro MTT assay.  Administration of gefitinib and CPT-11 
had a supra-additive inhibitory effect on WiDR cells and tumor shrinkage was obsd. in Lovo cell xenografts established in nude mice, 
whereas no additive effect of combination therapy was obsd. in COLO320DM cells.  To elucidate the mechanisms of synergistic 
effects, the effect of CPT-11-exposure on phosphorylation of EGFR was examd. by immunopptn.  CPT-11 increased phosphorylation 
of EGFR in Lovo and WiDR cells in time- and dose-dependent manners.  This EGFR activation was completely inhibited by 5 μM 
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 These results suggest that the antitumor activity of ZD1839 appears to derive not only from direct inhibition of cell 
proliferation, but also from the inhibition of tumor angiogenesis in RCC.

ZD1839 or Iressa (AstraZeneca, Macclesfield, United Kingdom) is an orally active, selective epidermal growth factor receptor tyrosine 
kinase inhibitor.  We evaluated the antitumor activity of ZD1839 in human renal cell carcinomas (RCC).  Six established human RCC 
lines and surgical specimens from 10 patients with RCC were used.  Protein expression was detected by Western blotting and/or 
immunohistochem.  The concns. of vascular endothelial growth factor and interleukin-8 in the supernatants were measured by ELISA.  
Cell cycle progression and the apoptotic ratio were evaluated by flow cytometry.  In vitro angiogenesis was measured using human 
umbilical vascular endothelial cells by capillary-like network formation anal.  In vivo SKRC-49 cells injected s.c. into athymic nude 
mice were treated with various doses of ZD1839 orally.  The effect of ZD1839 on tumor xenografts angiogenesis was evaluated by 
immunohistochem. using CD34 Ab.  Epidermal growth factor receptor was activated in all RCC lines and over expressed in 7 of 10 
RCC specimens (70%) compared with adjacent normal renal tissues.  Treatment of SKRC-49 cells with ZD1839 (0.1 to 10 μM) for 48 h 
resulted in the accumulation of cells in the G1 phase and a 30% to 50% decrease in cellular proliferation compared with untreated 
controls (p <0.01).  The tumor xenograft study confirmed that ZD1839 (50 to 100 mg/kg daily) significantly inhibited SKRC-49 tumor 
growth compared with controls within 3 wk after treatment (p <0.01).  Vascular endothelial growth factor and interleukin-8 prodn. was 
significantly decreased in ZD1839 treated SKRC-49 cells compared with untreated controls (p <0.01).  Treatment of human umbilical 
vascular endothelial cells with SKRC-49 supernatants treated with ZD1839 for 11 days resulted in an approx. 80% decrease in tubule 
formation compared with untreated controls (p <0.01).  Immunohistochem. assays showed that ZD1839 treatment resulted in a 
significant decrease in CD34 pos. neovessels compared with controls in SKRC-49 xenografts.
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Mol. blockade of EGFR with either an EGFR MAb or an EGFR TKI enhances the radiosensitivity of human SCCs.  In the present 
study, we investigated whether treatment with the EGFR TKI gefitinib (Iressa, ZD1839) improves the response to radiotherapy in the 
OSCC cell lines HSC2 and HSC3.  We examd. potential mechanisms that may contribute to the enhanced radiation response induced 
by gefitinib.  Growth inhibition was obsd. in vitro with radiation or gefitinib.  A cooperative antiproliferative effect was obtained when 
cancer cells were treated with radiation followed by gefitinib.  Cells treated with a combination of radiation and gefitinib arrested in G1 
and G2-M phases, with a decrease in the S-phase population.  While radiation alone did not significantly affect MEK1/2 and p38 MAPK 
autophosphorylation, the combination of gefitinib and radiation completely inhibited the downstream signaling of EGFR.  Results from 
DNA damage repair anal. in cultured OSCC cells demonstrated that gefitinib had a strong inhibitory effect on DNA-PKc pathways after 
radiation.  Tumor xenograft studies demonstrated that the combination of gefitinib and radiation caused growth inhibition and tumor 
regression of well-established OSCC tumors in athymic mice; tumor vol. was reduced from 1,008.2 to 231.4 mm3 in HSC2 cells (p < 
0.01) and from 284.2 to 12.4 mm3 in HSC3 cells (p < 0.01).  Immunohistochem. anal. of OSCC xenografts revealed that gefitinib 
caused a striking decrease in tumor cell proliferation when combined with radiotherapy.  Overall, we conclude that gefitinib enhances 
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High expression of epidermal growth factor receptor (EGFR) is frequently obsd. in many solid tumor types including oral squamous cell 
carcinomas (OSCC).  Recently, the results of preclin. studies and early clin. trials targeting the EGFR have shown evidence of the 
activity.  In this study, gefitinib ('Iressa', ZD1839), an EGFR-tyrosine kinase inhibitor, inhibited cell proliferation and upregulated 
p27KIP1 in OSCC cells.  Growth inhibition was obsd. in OSCC xenografts when mice were treated with gefitinib in vivo.  A flow 
cytometric anal. demonstrated that treatment with gefitinib induced accumulation in G1 phase, accompanied by a decrease in the 
percentage of cells in S phase.  Apoptosis was not seen in this study.  Cell growth was inhibited by an increase of the cell cycle 
inhibitor p27KIP1 and a decrease of its ubiquitin ligase subunit Skp2.
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evaluation of gefitinib in combination with CPT-11, in the treatment of colorectal cancers.

gefitinib and gefitinib-induced apoptosis was enhanced by combination with CPT-11, measured by PARP activation although no PARP 
activation was induced by 5 μM CPT-11 alone.  These results suggested that these modification of EGFR by CPT-11, in Lovo cells, is 
a possible mechanism for the synergistic effect of CPT-11 and gefitinib.  These findings imply that the EGFR-TKI gefitinib and CPT-11 
will be effective against colorectal tumor cells that express high levels of EGFR, and support clin.
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 The results obtained in these related and highly relevant models of human prostate cancer suggest that ZD1839 may 
have a role in enhancing existing treatments of androgen-dependent and -independent forms of this disease in patients.

These studies examd. the effect of the epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor ZD1839 (Iressa) on CWR22 
prostate tumors in nude mice.  The effect of ZD1839 was also examd. in combination with either bicalutamide (Casodex) or cytotoxic 
agents against a hormone-dependent or -independent variant of CWR22, resp.  The xenografts were grown for 4-7 days, then tumor 
measurements were made and therapy initiated.  ZD1839 and bicalutamide were given p.o. on a once-daily, 5-day schedule for 2 
successive weeks.  Carboplatin and paclitaxel were given every 3-4 days for a total of four doses.  Measurements of tumor vol. were 
made twice weekly during treatment and for 2 wk after treatment.  The effect of ZD1839 on EGFR function was assessed by Western 
blotting of EGFR and its phosphorylated form in CWR22 and variant tumors before and after treatment with this agent.  ZD1839 at its 
max. tolerated dose (150 mg/kg) inhibited the growth of androgen-dependent CWR22 by 54%, and the growth of two variants with 
different degrees of androgen independence and androgen receptor gene expression (CWR22LD1 and CWR22RV1) by 76%.  The 
effects of ZD1839 were similar to those recorded for phosphorylation of EGFR as detd. by Western blotting.  Co-administration of 
ZD1839 at its max. tolerated dose markedly increased the antiproliferative action of the antiandrogen bicalutamide against 
CWR22LD1.  In fact, combining ZD1839 with a suboptimal dose of bicalutamide was more effective than a higher dose of 
bicalutamide alone.  Co-administration of ZD1839, which required a 2-3-fold attenuation of dose to avoid toxicity, also markedly 
increased the therapeutic activity of carboplatin and paclitaxel against CWR22RV1, bringing about regression to a degree not seen with 
either agent alone.  Tumor-free mice were seen only with the combination of ZD1839 and paclitaxel.

 
Abstract
 

Studies with CWR22 xenografts in nude mice suggest that ZD1839 may have a role in the treatment of both 
androgen-dependent and androgen-independent human prostate cancer.     Sirotnak, Francis M.; She, Yohung; Lee, Fei; Chen, 
Jing; Scher, Howard I.    Program in Molecular Pharmacology and Therapeutics and Genitourinary Oncology Service, Department of 
Medicine,  Memorial Sloan-Kettering Cancer Center,  New York,  NY,  USA.    Clinical Cancer Research  (2002),  8(12),  3870-3876.  
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Answer 37:

tumor radioresponse by multiple mechanisms that may involve antiproliferative growth inhibition and effects on DNA repair after 
exposure to radiation.
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